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Y/ATER RAM III PIPES. 1
The phenomenon of water ram or water hammer has been observed 
by almost every one, and yet but few experiments have been made upon 
it, and there seems to be little definite knowledge of the prin­
ciples governing its action. In the design of large water mains an 
allowance for water ram adds materially to the cost of the pipe, and 
it is very important to know what extra pressure to expect. Small 
pipe has metal far in excess of that required for ordinary pressures, 
but the effect of ram upon house fixtures such as meters, tanks 
and reservoirs must be very injurious. It was with these matters 
in mind that these experiments wore undertaken.
The object of this investigation is to determine as definitely 
as possible the laws governing the excessive pressure caused by the
i
sudden stoppage of water, including the effect of the velocity of 
water, effect of time of closing valve, effect of length of pipe, 
and also the distribution of pressures along the pipe.
EXISTING LITERATURE.
The literature upon the subject is not extensive. The refer­
ences found are as follows: An article by R.G. Carpenter, in Trans­
actions of American Society of Mechanical Engineers, Volume XV. page 
510; Transactions of American Society of Civil Engineers, Volume XIV. 
page article by John W. Weston; Journal of Franklin Institute,
VolumeCXXIX. article by Irving P.Churchy J.T.Fanning's Treatise on 
Hydraulics and Water Supply Engineering, page 449; Trautwine's 
Engineers Pocket gook, page 234.
2 .
UNSETTLED QUESTIONS.
Writers differ upon conditions governing the ram. All agree 
that it is a function of the velocity and time of closing valve. 
Some claim it is a function of the length and diameter of pipe* that 
the pressure is the same all along the pipe; and that the maximum 
pressure comes at the instant the closing of valve is completed. 
These subjects will be discussed later.
DESCRIPTION OF EXPERIMENTS.
The experiments were conducted in the hydraulic laboratory of 
the University of Illinois, under the control of Arthur N. Talbot 
C.E., Professor of Municipal and Sanitary Engineering.
Water was taken from the stand-pipe, 60 ft. in height, in the 
laboratory, which received its supply from the city water main.
Some experiments were made with pipe connected with city main direct.
The experiments will be described under the head of each series.
SERIES I. EFFECT OF TIME OF CLOSING VALVE AND OF VELOCITY. 1898 
EXPERIMENTS.
Experiments were made on 225 ft. of 2-in. pipe, constructed so 
that water could be taken from either stand-pipe or city main. There 
were 9 elbows in the pipe. The valve at outlet was the Lunkenheimer 
Lever Throttle Valve Special Heavy pattern for Steam. Catalogue No. 
431 for Catalogue of 1899. The lever handle was lOin. in length and 
acted through 45°. The inlet and outlet ends of pipe were laid side 
by side and two Calkin® indicators were so arranged that by sub­
stituting one large wooden cylinder for two metal cylinders, the re­
cord for both could be taken on the one cylinder. A shaft extended
3.
from the shaft of the valve and by a system of levers the time of 
closing valve was recorded on the drum. The drum was revolved by a 
small water motor, which received its supply from a tank in the loft. 
The rate of travel of drum was 6^ * in. per sec.
The method of making experiments was to allow the water to run 
freely until the flow became unifora, then turn it into a tank on 
scales and allow it to run from 30 to 60 seconds, then divert it 
from tank and close valve, the pressures at both ends of the pipe 
and time of closing the valve, being automatically recorded, then 
weigh water and compute the velocity of water in pipe.
It was soon found that the 100-lb. spring, recording pressures 
up to 200 lbs. per sq. in., used in indicator was not strong enough 
to record pressures obtained from high velocity and quick closing of 
valve. A number of experiments were made at different velocities 
and times of closing valves as shown in the go 11-e-wing diagram on jo«jes.
Upon comparing results of experiments on pipe connected with 
stand-pipe and city main, it was found that results agreed so close­
ly that they were plotted together. In the first three plates 
velocities and pressures are plotted for the same time of closing 
valve. The next three plates have time of closing valve and press­
ures plotted for the same ve­
locity of water to the nearest 
foot.
A copy of a diagram as 
taken is shown oh next page.
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SERIES II.
II.
EFFECT OF TIME OF CLOSING VALVE: 1899 EXPERIMENTS.
In this set of experiments 204 ft. 9in. of 2in. pipe was con­
nected with stand-pipe and likewise to city main. There were 7 el­
bows in the line of pipe and as before the inlet and outlet of pipe 
were laid side by side. The pipe near the inlet and outlet was con­
nected by 12in. offln. pipe having stops arranged so that pressure 
could be taken at either end of pipe by manipulating these stops.
One Crosby Hydraulic Indicator, capable of recording 800 lbs. per sq. 
in. was used, and with this no trouble was experienced in recording 
pressures at the highest velocities obtainable with the stand-pipe.
A 6in. wooden drum was substituted for the metal indicator drum.
This was driven by a cord from the shafting of the laboratory. The 
travel of drum was 5.6 in. per sec. Time of closing valve was re­
corded by the sane device as in series I. Velocity was obtained as 
before by taking weight of water.
The purpose of this set of experiments was to obtain pressures 
from constant velocities with time of closing valve varying. The re­
sults are shown in plate .Series II.
A tracing of a characteristic card is shown. The points of 
attaching the indicator, and the lever system to the pipe were sep­
arated about 12in., allowing some movement of one by the other. It 
will be noticed in the card that the line for closing valve is very 
regular until the valve is closed, after that th/*e is a trembling 
caused by the pipe shaking. This shows that the maximum pressure 
does n t come until a perceptible length of time after the valve is 
closed.
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SERIES III.
15.
RELATION BETWEEN VELOCITY AND PRESSURE.
VELOCITY REGULATED BY OUTLET VALVE.
This set of experiments was made upon the same pipe as Series 
II. The object was to determine the relation between velocity and 
pressure for a quick closing valve. The head in stand-pipe was kept 
constant and the velocity in pipe was varied by a valve at the out­
let. The time of closing valve was about .08 sec. Results will be 
seen in plate Series III.
The time between first two pulsations was measured and plotted 
with the corresponding pressure. This may not have bearing on the 
question but it was noted and will be seen in plate Series Ilia.
A few experiments were taken with city main as supply., but re­
sulting pressures were so similar that supply was taken from stand­
pipe.
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SERIES IV..
18.
RELATION BETWEEN VELOCITY AND PRESSURE. VELOCITY REGULATED 
BY HEAD IN STAND PIPE. OUTLET FREE.
The arrangement of pipe etc. was the same as in Series II.
The object was to determine the relation between velocity and press­
ure, with a varying head in standpipe, and valve at outlet fully 
open. Time of closing valve about .08 sec.
Results will be seen in plate Series IV. Time between first 
two pulsations plotted as before in plate Series IVa.
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SERIES V.
21
RELATION BETWEEN PRESSURE AND VELOCITY. VELOCITY REGULATED BY
VALVE AT END. lOf ft. 2in. of 2in. pipe.
This set of experiments was made upon lo5 ft. 2in. of 2in. 
pipe connected with stand-pipe. It contained 5 elbows in its length. 
The indicator and recording apparatus was the same as used in series 
II.
The object was to get the relation between velocity and press­
ure. Time of closing valve about .08 sec. It was not thought nec­
essary to make a full set of experiments but only take pressures at 
high and low velocities. Results are shown in plate Series V.
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SERIES VI.
RELATION BETWEEN PRESSURE AND VELOCITY.
VELOCITY REGULATED BY VALVE AT END* 60ft. 4in. of 2in, pipe 
The pipe was shortened to 60ft* 4in. Other conditions the 
same as in Series V. The results are shown in plate Series VI*.
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SERIES VII. 25*
PRESSURES ALONG THE PIPE. 204 ft. 9in. of 2in. pipe.
This series of experiments was made upon 204 ft. 9in. of 2in. 
pipe as described in Series II. The object was to determine the 
pressures at different points along the pi£e. The pressure was taken 
at the outlet, the instrument then moved to the next point on 
pipe and the pressure taken and so on to the inlet. The reverse 
order was then gone through. The head in stand-pipe was kept as 
near constant as possible. Experiments were ma.de at two different 
velocities.
Results are shown in plate Series VII.
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SERIES VIII.
PRESSURES ALONG THE PIPE. 105 ft. 2in. of 2in. pipe. 
Arrangement of pipe the same as in Series V. 105 ft. 2in. of 
2in. pipe. The object was to ascertain the pressure at different 
points along the line of the pipe. Experiments were conducted the 
same as in Series VII. Results are shown in plate Series VIII.
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PRESSURES ALOITG PIPE. 60 ft. 4in. of 2in. pipe.
Arrangement of pipe the same as in Series VI. 60 ft. 4in. of 
2in. pipe. The object was to ascertain the pressures at different 
points along the line of pipe. Experiments were conducted the same 
as in Series VIII. Results will be seen in plate Series IX.
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GENERAL NOTES OH EXPERIMENTS.
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strange thing was noted when both stops were opened making
a connection between outlet and 16ft, from inlet. But one pulsa- 
tionwas felt and that did not amount to much, just one dull thud.
The following unexpected phenom^n was noted. In making experi­
ments on 205 ft.of 2in. pipe the water was running freely through
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This last phenomenon is one that would be experienced in stop-
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Plate XIII shows a comparison of results of pressure and veloc-
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mum pressure can not come until the water is entirely compressed 
and water will compress but little as long as there is vent to escape 
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The popular idea that water is incompressible is sadly at fault. 
Water is like a rubber ball when c omwith wrought iron or 
steel. The coefficient of elasticity of water is 292000, of wrought 
iron 25000000, and of steel 30000000. We see that water is 86 times
as compressible as wrought iron and 103 times as compressible as 
steel. With this fact in mind it is seen that for ordinary size of
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That the pressure varies from the valve along the pipe to the 
supply as the square root of the distance from the supply, represent-
Q:ifQ.o•HPcd£CD0r£p>>rCtQ
